Interactive image-guided techniques used in conjunction with three-dimensional images allow accurate planning and performance of a variety of neurosurgical procedures. The frameless stereotactic Viewing Wand System was used to provide real-time correlation of the operating field and computerized images in over 22 neurosurgical operations carried out for intractable epilepsy. The overall results of the surgery demonstrated favorable results, with class 1 + class 2 outcomes in 86.4% of the present series. Our experience shows that the Viewing Wand System is most helpful as an adjunctive navigational device in the microsurgical treatment of epilepsy.
Introduction
Recent advances in high-resolution magnetic resonance (MR) imaging and three-dimensional (3 D) reconstruction of these images by computer allow not only accurate preoperative planning of surgery but also guidance for a variety of neurosurgical procedures.15,ZZ) Stereotactic localization for opera tive procedures has become a mainstay of neuro surgical practice. The authors have used the frame less stereotactic Viewing Wand System since 1996. The present study illustrates the potential utility of the 3-D images of the Viewing Wand System for frameless stereotactic neurosurgery for the treat ment of intractable epilepsies. The advantages and disadvantages of this system in neurological sur gery are also described.
Clinical

Materials and Methods
The Viewing Wand System was used to guide 22 operations for intractable epilepsy in 22 patients, eight females and 14 males aged 10 months to 51 years (mean 26.6 years), between 1996 and 1998. All 22 patients underwent preoperative assess ments according to the presurgical evaluation protocols of Asahikawa Medical College Hospital,") including long-term video-electroencephalography (EEG) monitoring. Sphenoidal electrodes were used in patients with temporal lobe epilepsy more than 6 years old. Invasive recording was not per formed in patients with extratemporal lobe epilepsy in whom the neuroimaging lesion and EEG focus were concordant and focus resection was performed based on intraoperative evaluation by electrocor ticography (ECoG) in every patient. When the EEG focus and neuroimaging lesion were not concor dant, grid electrodes were implanted subdurally over the lesions detected by neuroimaging.
Neuroimaging was performed by thin-slice MR imaging (1.5 Tesla) for 3-D reconstruction of the images by the Viewing Wand System, computed tomography (CT), and single photon emission com puted tomography (SPECT) with technetium-99m hexamethylpropyleneamine oxime or technetium 99m-ethyl cysteinate dimer during the interictal period and the ictal period. Angiography was per formed in all patients including the Wada test when necessary.") Video-EEG monitoring (SYNAFIT; NEC-Sanei, Tokyo) was conducted (usually over 24 hours) until three habitual seizures were recorded. All recordings were analyzed on-line by computer (Stellate system; Nihon-Kohden, Tokyo The Viewing Wand System (ISG Technologies, Inc., Toronto, Canada) was an arm-based frameless stereotactic system based on an articulated arm supporting the position-sensing Viewing Wand tip. Preoperative MR images (1.5 Tesla; Signa Horizon; General Electronics Yokogawa Medical, Tokyo) were obtained in all patients. Volume-acquisition MR imaging was performed by the spin echo method with the following parameters for T1 weighted images: repetition time 300-450 msec, echo time 14-15 msec, and matrix 256 X 256. The images were stored on digital audiotape (DAT) and transferred to the Viewing Wand System, where 3-D and triplanar images were derived with an interac tive algorithm that incorporates threshold-based segmentation and slice-to-slice connectivity to cre ate the desired set of surface configurations. The system was registered at the beginning of the oper ation by touching the probe tip to fiducial markers affixed to the patient's scalp or by using anatomical surface landmarks. The image information was transferred to the computer-guided articulated position-sensing arm for neuronavigation during the surgery. If the bone image seemed to be important for the surgery, CT images were also stored on DAT and transformed to the Viewing Wand System for the 3-D images and neuronavigation. In all cases, neuronavigation was used to guide both the presurgical simulation of the surgical process and the actual microsurgery. Anterior tem poral resection with amygdalohippocampectomy was performed in 10 patients with complex partial seizures (Cases 1-10) ( Table 1) . Extratemporal sur gery was performed in 12 patients with cortical focus (Cases 11-22) ( Table 2 ).
All anti-convulsant medication was discontinued from 1 to 3 days prior to surgery to allow recording of spontaneous EEG seizures during intraoperative ECoG monitoring. Benzodiazepine was not used as a premedication for anesthesia because of its strong suppressive effect on cortical activity. Mayfield's head frame was applied and the patient's head position was calibrated using the tip of the arm by touching the fiducial markers and anatomical land marks. A small but appropriate mark for the skin incision was designed on the scalp using neu ronavigation. Surgery was performed under modi fied neuroleptanalgesia consisting of fentanyl and pancuronium bromide.') All patients underwent in traoperative pre and postresection ECoG with strip 19, 23) the base and 4.0 cm along the sylvian fissure from the temporal pole in the dominant hemisphere, and 5.5 cm and 4.5 cm, respectively, in the non dominant hemisphere, according to Olivier.14) The procedure was performed under neuronavigation guidance. The vein of Labbe was always left intact. After anterior temporal lobectomy, the anterior part of the hippocampus (hippocampal head) and para hippocampal gyrus were resected under neuronavi gation guidance. The resected hippocampus was immediately frozen and sent for histological exami nation. The uncus and amygdala were also resected subpially by CUSA or suction. Postresection ECoG was performed in all patients and any residual epileptiform foci were resected with subpial suction when possible. Postresection ECoG was graded ac cording to Jay et al.") The accuracy of the Viewing Wand System during the operation was judged using anatomical land marks such as the pterion, zygomatic arch, sylvian fissure, sylvian vein, temporal tip of the brain, etc. If the error exceeded more than 5 mm, re-registration was performed using these anatomical landmarks. On admission, digital EEG detected an epileptic focus and a dipole source in the left posterior tem poral region. Interictal SPECT demonstrated a hypoperfusion area in the left occipital region and ictal SPECT demonstrated a hyperperfusion area in the same place (Fig. 2) . 3-D images of the Viewing Wand System demonstrated a periventricular nodu lar heterotopia around the posterior horn and calcar avis of the left lateral ventricle, which extended to the occipital lobe as a focal cortical dysplasia (Fig.  3) . Right homonymous hemianopsia was suspected but was not well characterized due to his age.
Intraoperative
ECoG demonstrated widespread high amplitude spikes and spike and wave com plexes over the posterior temporal and occipital lobes (Fig. 4) All surgery was performed under operative microscope.
The accuracy of measurement of deep seated lesions varied from 2 to 5 mm. In cases of error greater than 5 mm, the reference points were re-registered during surgery and the error was cor rected. When there was remarkable brain shift due to brain retraction or cerebrospinal fluid aspiration, lesions of convexity demonstrated greater errors. However, lesions close to the skull base, midline lesion, or hippocampal lesion did not show any shift during surgery and correlation was excellent during the surgery. In recent cases, the operative micro scope with the picture-in-picture system (OME-8000; Olympus, Tokyo) was introduced into epilepsy sur gery. In this system, the 3-D images of the Viewing Wand System are always captured in a quarter or a half visual field of the operative microscope (split ting image), and can be controlled with a foot switch. Under such circumstances, the surgeon has no necessity to look back to confirm the exact loca tion of the pointer in the 3-D images of the monitor. 
